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Extraction, Refolding and Purification of Recombinant
Human Growth Hormone (hGH)
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Akihiko ODA
Koji SETO

Recombinant humgn growth hormone (hGH) was produced by the genetic engineering method. After extrac-

tion in denatured form, it was refolded to active one. Crude hGH was purified by HPLC and tested for

biological activities. Purified hGH was found to be effective in increasing not only bone length but also body

weight of hypophysectomized rats.
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FHEZITTYHIZ, hGH o8l 7 u ¥ 2 0BIRic
BTz Lictk o7,

KIEEIC X5 hGH o4, hGH @#z KBEo
HE, ARNEQHEOMY, EHERAE~OLR, HEkE
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i, £0FFTREEFE TRV D, BEES~DTH
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YIRBLTE, TRAMLA TR LTFRTHBOER
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HRAZDO hGH LERROEN2HT 52 & broiz,

2. HRMAKBEOEE
(1) AEEREHAR

HY¥I B 0.4g

MgS0, (0.1 M) 1.0 mo
CaCl; (0.01 M) 1.0 mé
Fha—z (20%) 2.0mo
M 9 sEw* 10.0 mg
Y47 3 (2 mg/mo) 0.1me
7 e ) v (20 mg/mb) 0.1me

KT 100 md iZFAES 3,
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*M9EH
NaCl 58
NH,CI 108
NaHPO, 708
KH,PO, 308
FREEARBACHEMAEL 1000me L L
7zo
(2) AEBHILIIAR
(1) BEREHHRR
RN i/ 16.0 g
BT % R 16.0g
MgS0O, (0.1 M) - 80.0me
CaCl, (0.01 M) 80.0m¢f
Fra—=z (20%) 160. 0 mo
M-91E#; 800.0 mf
Y47 2 (2mg/mb) 8.0ml
7 Y Y 2 (20 mg/mb) 8.0 mb
(2) 71— FE&HER
sa—=
HEI B
BERET % 2
(3) HiaHl

ANTI FOAM AF-EMULSION (10%)

E. coli HB101/pGH-L95 #% 121°C -CHE L7 L2
BE|EMICIHE L, 37°C S BFMIEE LAIEERK L Lz,

AEERIT, WEEADO140 BEBERE (KRS80 ) 108
FUIEERIK 400 me ZFEET L, 37°C 16BSRIRIE 21T 72,
BEIDOHMEITVWEOWMEICE>T 74— FER
LU3A » F—=n—727 Y LB (TAA) #FE MLz, A
BEORHALEETSL Fig. 1 0kdicks, o
Z T hGH 04 E1x, 15% SDS-PAGE iz L - CHl
FEL2EBEABRZMNT % hGH 0BEHER (%), BiEE
WEROEE OD660, %7275 2 3 K DNA O¥TEER
1me %Y OEHTENFIR LS,

3. hGH i, EFHETES &S UIEELEOKRE

E. coli HB101/pGH-L9 mi#E# hGH B &AM
MNEWE LCHET 5%, BE hGH w7 bt
LLEND D, £F, HEEEHIC L 3T ROBE
#iToTc. MEMLHE D SDS-FLEKKE ¥ - %
Fig. 2 127”7, Avicig & A Yoal iz hGH %77
B+ 52 L Bbhro7205, SDS &% L < hGH %
WL, 2oz s hGH owE{bHl & LT,
SDS 28ATAZ LIz Lic, 3, MIRBEimEE &
LTHILNRTWSY JF—h2HAWe hGH ouEts
L Ol EZ, SDS DIBE L HE L Tk 3 nicE
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Fig. 1. Time-course of cultivation of E. coli
< : Plasmid DNA number
O : Cell mass
0 : hGH production
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Fig. 2 15% SDS-Polyacrylamide gel elec-
trophoresis of soluble portion obtained

from E. coli by following reagents and
sonication, followed by centrifuge (at
15000 rpm, for 30 min)

Used reagents were, from the left, SDS
0.5M, 0.1M, 0.05M, Guanidine
hydrochloride 10 M, 6 M, Urea 20 M,
15M, 10 M, NaSCN 10 M, 6 M, without
reagent, standard hGH.

BN&pot,

RICHHE LTz b D260 hGH o R4 7,
WA E L CHEBREc L a2 2R, BT L
a—n (C2~C6) mFTIE, sec—-FF AT Ia— LR
REMIZ hGH 2L, o b oidEHE oz,

HEBHFITH B sec-TF AT Aa— LhZEIEELT
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W5 hGH #, BIoKREMAERER 2BV CBRBEZIc
L oo ERAR, EHAKBHEEERICX %2 hGH »
WL, 1Y 7FaX)—A=Ftho>Th />
AR =NVDIRTH>7, 4V Fer)—L3EQAE
LB B LTV BIREDRECHELTWDZ 5 b,
CETRAYTaR ) — el EE iz Lz,

B2 SR kit S v hGH 132 o % & cidiE:
FOBEELRFL TV WY, BHEOLEXRL (v
TAE—NTA V) BRI NERD B, £ FEMH
ERWTEABEOS THEERIE L WK, NZ 2 H
ERSOARNT I Lick ) ARICERKIcE SR -
EERDT, EHFLLTIKAVBRT WY 2R ST
=V, RFK, BLUSDS wHHL, 0=t 3
V74 =NT o4 v 7 OBHERR T, REB X SDS
2, BRERNOKETLA Y Fa /) — iz k>l
B L7z hGH #+53ic i b Ta 202 L 3o o,
=7, 6M LI EDREE ST = U LT O &8 i,
hGH S5 00BY S i b+ 22 L 8T 50
b, WL VT A — ATy L IRIE LTRSS T
=VCVERAWCER D, EBS T =Y 6M %
S Y VEAEER (DH 6.8) TRIBILE, U L IBSEER
(PH 6.8) T6BIZHERL 4°C T—MkE L7, FH—
& d&->T hGH DiFEMEL RIA Bz k> THIFE L &
CHEURBONY 74— ATt L TWB T &g
BENTZ. VIA—NT 4 L IDE, SFFRALA b —
NV DTTY b2z 54 0 (BTHEUR{LH)
O DURINRIR & B 12 DRI TIX R D5 7o

AEMICER 77 = U BEYThH Y, FRICL-T
EEEEA~TERTE D LMD, HBS T =2 TR
#h, BEBRZ Y 7+ —LT oy L e fThbebo b 2R
ATz FIEALHE # B # TSK gel G 3000SW (2 5+ — <
LBEHE L LTV VEEEER (30 mM KH,PO,, pH 6.8)
ERWTHEE T Licky, FRICLBY 74— F
A T LR ERRHCT - 72 (Fig. 3),

Fig. 3 226b2 %X 52 hGH O v¥'— 7 ZEZR L h,
V7F—=NT 4 v 7 ERBRRBCITZ 52 & Rbp-o
7z

SHICEHRETS>729, hGH w#lY4 42755 L=
> # TSK gel DEAE-5PW (22 3§58 L=, FORER
% Fig. 4 127"+, HIY® hGH fiv— 27 & LTH
h, BT THIZ L Bbhol, #Bo5hi- hGH o
M1, TSK gel G3000SW, i/ DEAE-5PW, [
Pheny-5PWRP, PAGE £ X (8 SDS-PAGEz Y JIE
L2, Rz T bftko hGH Bl s T
ZEDBbyrofc, iz, Kohr B0EY 1z LiziisT
BlE L7 hGH 07 3/ BERS ISV THE
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Fig. 3 TSK gel G3000SW Chromatography of
Guanidine buffer soln.
Guanidine buffer soln. 5mf, containing
17.4 mg protein was injected onto TSK
gel G3000SW (21.5 mmID X 60 cm). The
elution solvent was 30 mM Phosphate
buffer (KH,PO,) pH 6.8, and a flow rate
was 5ml/min. The eluent was
monitored at 280 nm.
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Fig. 4 TSK gel DEAE-5PW Chromatography of
G3000SW fr.

G3000SW fr., 9me, containing 2.4 mg
protein was injected onto TSK gel
DEAE-5PW (21.5 mmID X 15 cm). The
elution solvents were 20 mM Glycine buf-
fer (pH 8.0) (Solvent 1) and 20mM
Glycine buffer (pH 8.0) plus 0.5 M NaCl
(Solvent 2). The elution conditions con-
sisted of a linear gradient of 60 min from
100% Solvent 1 to 100% Solvent 2 at a
flow rate of 4 m@/min. Detection of the
elutant was at 280 nm.
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L XL —T 218 0Nk, hGH nohhHikESE: %
TLwdE Fig. 5 X5t s, iz, £AFv 7
BIAEEBIVBHNEZE LS L Table 1 0k
B,

b L, BrFHBEPEEL TEENIAER
L7252 >AERO hGH 275k, fi, v 7+ —
VT4 TBIUEHT 22 Lick> CTHlifb+ 52 & 28
TE7H, AIBEERRC AV SDS RELICBRITTW 5
DEINIEEREL L TEZZ2BEEELMETH 2,
ZZTHBE L% hGH » SDS S#i%fTi -7 (Table
2). SDS X, 0.3ug/mt UTFThyv+45KRTTnBT
ERbhote,

4. % %"

Mk AV ToBER TR, BEOBEETLIRFOS
7AI FLicd»2EET (KRBHEH (KBHE) ik
ERRZ VDY REEAH (WGH #¥) #3—FL

E coli'’ bg

TORIET) 2#RBIRDIL0b, BHELONIEES
Bet0EETRBRATERY., BEDOREESN L 75
AL FORBBUOTELER U EBELBELBE L,
Thidebiv, KERTIEREEL LT E. coli
HB101, 5 23 K& LT hGH BEFEELRALY
pGH-L9 ZMAvy, MiEELI IV HEBEL LT hGH
0.3l mg/ml BEBRZXZ D52 LN TER,
KBEHEATERL-BEAEIX, BFETERCHEEL,
RKEDHEIX, M (inclusion body) & L CEGNICES
LT3, BREREE, s2 NBAO S vs7—¥n
BB LB L >oRRERCENRT 52 L 8EE L,
AR &AT 5 fedizid, FFRERECHELET S hGH
EABRLT B L BRMETHY, WL o»DRIELHE
Rt L7cfER SDS & BWARLHITH B2 L 2db
o7z, SDS N REESA T, BEEHE 2 EHX
BEZ LRIV BEHROERER2ESIcE{LT 5
k, £7, T T -¥ERAEIEZZ Licky hGH

30mM P.B. S (pH 7.0)+0.05 M NaCl

+0.1 M SDS, 20 mo

Sonication (30 sec X 5)

Sonication soln. 24 me

sec-Butyl Alcohol 20 me

Extraction

Centrifuge (5,000 rpm, 5 min)

' A
Aquous layer Organic layer 28 m#

Isopropyl Alcohol (—20°C) 80 me
Stand (—20°C, 15 min)

Centrifuge (1,500 rpm, 5 min)

Guanidine

I
Sup. Ppt. 0.77 g (wet)

—Guanidine buffer**), 30 me
—Stand (2°C, 1.5 hr)
buffer soln. 31 mé

J'—TSK gel G3000SW

G3000SW fr.

—TSK gel DEAE-5PW

DEAE-5PW fr.

Fig. 5 Purification of hGH
*) E. coli HB101/pGH-L9

**) Guanidine buffer:

Mixture of 30 mM P.B.S (KH;PO,+NaOH) pH 6.8, 50 mM NaCl, and 6 M

Guanidine Hydrochloride.
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Table 1 Purification of hGH
hGH Activity | Protein Conc. | Specific Activity | Total hGH Activity
TU/me ug/mo 1U/ug U (%)
Expression in E. coli (Calculated) 0.62 2480 0.25x1073(1) 124(100)
Guanidine buffer soln. 3.00 3480 0.86Xx1073(3.4) |90.0(72.6)
G3000SW fr. 0.50 270 1.85X1073(7.4) 76.8(61.9)
DEAE-5PW fr. 0.46 230 2.00x1073(8.0) 56.4(45.5)

hGH activity was measured by radioimmunoassay(RIA) method and protein conc. was measured by using of

Bio-Rad protein assay Kkit.

Table 2 Analysis of SDS and inorganic salts

E};isting conc.

pg/m
Nat 3800
Cl- 5900
Glycine 1000
K+ 0.2>
NH,* 0.1>
PO~ 0.4>
SO2- 0.1>
Guanidine Hydrochloride 0.5>
SDS 0.3>

Sample was the fraction (hGH conc. 0.30 mg/me)
obtained by TSK gel DEAE-5PW.

Table 3 Tibia growth of rats

Rat number tibiaulringth
Buffer 24 276135
hGH 12 379143
bovine GH 12 376140

Total tibia lengths of hypophysectomized rats were
treated for 4 days with 0.4 mg/kg/day GH.

DEUREDE Eic B Th 274 EOBRIPE S i,
SDS noZMERE, FFAED SDS NEAEOHE
ERDSIBICKED SDS BEATEB L H ko TE
HEOBELTLEMEERIRI LV bATN S
W1, mARL, SDS RY RFF FEEGLDET L
ELT, SDS BRY X7F FEOBALD ZNIETE
B ~EE LTI BV ROESTE T L 5108 L
TWaY, ZoEFNIZINE, BAEOMLEIZ SDS
FRWBEEBEIZIE SDS 2Bz EnTEIINT
EBRTRBEIND, Lo LRs, F2ITRLIE I
% OB Lot REIC X v SDS g dic ks
ENTVWBZ E bk ol COBEE LTI, 1Y
TR EAT V2B L ) SDS & hGH o sk

BEZ Y, 2> hGH 0oL 25ikl+ 2, 2)V 7+ —1 5
1T DIDIZHNEOMERE 7= LMzt b
SDS LIEBE ST =0  LOEAEMBERL, Bl
TI5ELTEC LY ZOBESHEAILBL, SDS j3rk
BoblESRD, SHIZEEBRAWS TSK gel
G3000SW # & 18 DEAE—5PW ic X > Tt #hEhs
FTEHDZWIREFMOEL ) DN TE S, LENEZD
nsd.

WFHIZ L TAEERE LTHW 384, SDS #B
SRLEXRDHDZ L6, AFHEITEDRTFRL VR 3,

FHICBEL T, AHEIIC X 2 Bt s e B
E, THIEVBVEREZ & > THIE MR 22577,
ZOBENZ ) ORBRES LT LN TtEB2 L, %2
BRENISTERZEDD, MRV LIZbDTY
TA=NTA T TBELENTEN, VI —AF g o
TOB, EABSFHEOA L850 s v eliinn b
PLBEEINTEY, ZOERTHLY 74— ALF g 25
B dh 2BEOHILS (>90%) 10+ 22 ERTED
BEDLEEZ RS,

BRI T =02k d) 74— VT a1 7, FRiC
Lo TITbh a2, HREENARAE L 20BOBRIZE
T3 aediciz, BREFALETHS. 22T, FR
ERATHRTZC L CERBRIFOEHB Y RAh i,
TSK gel G3000SW (3#EH & FFRC Ny 7 7 —25# (3
RO T =V UHERICHYETS) 2752 L3 TE 54,
BAOWREELIRKENEEZ bhiz, #RIFBEY Y
TA=NT 4 7 e RITERPBAE Th o7, 20T &
NS T2V ERANTOY 74— NF g v P
i, FMBRIEE D) 74— VT a L SRESTH B
Lhxbhol,

hGH Aiciz 2 5DV 27 4 FESBEET 273,
CHHRESRERCROEVEETAVWEEZ AT
AU, SEFALAPBRLESF AR LA b=Ad BT
TNEFFLDFEMTEY Y 7+ —-LF 1 v FRHROR
BRI oDz A LEEEXRDZ LD EED
N3
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Fig. 6 Dose-response curve for GH. Mean
cumulative weight changes of groups of
twelve hypophysectomized rats after
treatment subcutaneously daily for 4
days with various doses of GH;

O : hGH
® : bovine GH
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